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LOW-PRESSURE BOUNDARY-LAYER GONTROL IN
DIFFUSERS AND BENDS
By Williem J. Biebel

SUMMARY

Tests have been made to study the effectiveness of
small pressure differences, such as exlst between the
inside of alrplene ducts snd the external alrpleme
surfaces suitable for duct exits, in removing the duct
boundary leyer through slots in the duct wall end thereby
reducing separation losses. Two-dimensional diffusers
of 15° and 30° included angles &nd some 90® bends were
tested. The 30° diffuser was tested with and without a
reslstance at the large end. Several different types of
boundery layer were set up at the diffuser inlets.

All the diffuser tests indicated that the exnansion
losses could be reduced et least half by the removal of
aporoximately L to 10 percent of the total alr flow; and
the pressure required to blow out the boundary layer was
small reletive to the pressures normally avalilable in
ailrpleane ducts. The slots In the diffuser. arrangements
were generally formed merely by cutting narrow strivs
from the two diverging walls of the diffuser. Not more
then one slot was used on each surface, and none were
usually required on the two parallel walls of the diffuser.
Effective boundary-layer control for the inner corners of
the bends required a slot with a lip that prsnjected into
the duct in order to help "pesl off" the boundary layer
and also required somewhat higher internsal pressures than
wore used with the diffusers.,

INTRODUCTION

The efficiency of alrplemne ducts has generally been
impaired by the limitatlions of the space avallable for
duct installations. Rapid duct expensions end sharp or
irregular bends have frequently resulted in flow separa-
tions so extensive that the resulting total-pressure
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losses noticesasbly 1lmpaired the alrplene performsasnce.
Removal, by suction, of the boundary layer in & region
where separatlon 1s Imminent has been commonly recognized
as a general remedy for flow separation (reference 1),
although impracticel for alrcraft because of the compli-
cetion of the necessary equipment. The pressure differ-
ence between the inside of an elrplane duct and the free
streem might be used to remove the bo.ndary laysr so that
such additlional equivment would be unnecessary.

The purpose of the present work was to lnvestlgate
the posslibllity of sttalning effective boundary-layer
control by means of small pressure differences. Tests
were made of diffusers and of 90° bends; measurements
were made of the totel-bressure losses end of ths quantity
of alr lost through the boundary-layer-control slots.
Because simpllcity 1s deslrable for any practicsel Instal-~
lation, the arrangements tssted genserally included not
more then one slot on each of the two dlvergent walls of
the diffusers end one slot on tha inner well of the 90°
bends. Boundary leyers of different thlcknesses were
used at the duct inlets 1n an effort to simulste different
operating conditlons. Since ths outlst conditlon affects
the flow end the total-pressure losses through a diffuser,
three different outlet arrangements were tried: (i) an
abrupt contraction to the [inesl measurement section, (2) a
long strelght uniform sectlon of ducting attachsd to the
diffuser outlaet, and (%) s resistsncs in the form of an
intercoolsr et the diffussr outlet.

SYMBOLS

H totel »nressure, pounds per square foot

AH tofal-pressuru loss 1n diffuser or bend
P s8tetlc pressure, pounds per squers foot
qQ dynemic pressurse, pounds pnsr squars foot

voloclty, fozt par sscond
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Subscripts:

r

1 &t inlet
0 atmospheric conditiohs

max - maximum
..

APPARATUS, BLOWER, AND DUCT SYSTEM

The .alr flow was produced by a centrifugal blower
driven by en automoblle engine. In order to reduce the
turbulence and improve the uniformity of the flow at the
Inlet of the test duct, an expanded passage wilth a
stralghtener was inserted between the blower and the test
duct (fig. 1). The straightener was an Yegg-crate"
errangement with layers of screen across both the upstreem
end downstreem ends. Behind the straightener, the psassage

contracted to a 5- by 12%-1nch rectangular section (fig. 1,

sectlon 1), which was the inlet for all the ducts tested.

The outlet srrangement, which was common to all test
setups, consisted of a contracting passage (except for
the bends), a 5- by lZ%-inch me asurement section (section 2),
end a flapped exit. The purpose of the flaps was to
permit adjustment of the pressure in the system.

_ The diffusers were made with 15° and 30° included
sy engles (figs. 1 and 2, respectively)., For the tests with-
. out the reslstance, the large end of the diffuser was

18 by 12% inches, which corresponds to a two-dimenslonal

expansion of 3.6:1. A somewhat larger expansion was
required for the tests with the resistence (fig. 3) aince
the duct had to be fitted to the 22- by 1l3-inch fsce of .
the Alresearch intercooler thet served as the resistance.
The bends (fig. l}) were made with inner radii of 1 and

. 2 iInches and outer radil of 6 and 7 inches, respectively.
The aspect ratio of both bends was 2.5. The duct system
was of sheet 1ron except for the side wells near the
critlcal sections, which were made of celluloid to
facllitate tuft observetions of the internal flow.
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MEASUREMENTS

Total-pressure and static-pressure measurements at
the inlet (section 1) and exit (section 2) permitted
determination of the tectal-pressure losses within the
system and of the quantity of air lost through the slots.
Flow quantities at sections 1 and 2 were obtained in most
cases from the arlthmetlic mean of the measured dynamic
pressures, Tests without slots - that 1s, with no alr
loss - showed that the results from sectlions 1 and 2 agreed
to about 1 percent; therefore, simllar accuracy may be
assumed for the slotted condltions. Similsrly, for the
determinetion of the total-pressure losses in the system,
the srithmetic meean of the measured total pressures at
sections 1 end 2 was used; however, when the flow was so
irregular that an error of. over 1 percent was indicated,
the total pressures were welghted according to the local
veloclity.

Some uncertainty existed concerning the best way to
determine the expansion losses in the diffuser-intercooler
combinetions. Losses measured at the exit included the
large pressure drop through the lntercooler, whereas losses
measured at the face of the intercooler (section 5) would
be considered lnaccurate because of flow separation in the
region of measurement. It was found, however, that the
averege of the total pressures at the fece of the inter-
cooler, obtalned with shlelded totel-pressure tubes, always
differed from the average total pressure at the exit by
nearly the same asmount - from 2 to Ll} times the mean
dynamlc pressure at the intercooler, which presumably is
the loss through the Intercooler. Both methods thersfore
would have glven sbout ths same results. The results
reported were determined from the averages at the face of
the intercooler.

In addition to the messurements obtained with totel-
pressure and stetilc-pressure tubes dlstributed across
Inlct and outlet areas at statlons 1, 2, and 5, more
detailed meesuremznts werv made, for several cases, of the
boundery layors at the inlet and at several positlons
along the diffusers. Thesc mecasuremsnts were made near
the mldpolnts of each of the walls at tho sectlons
designated 1, 3, and L4 in figures 2 and 3.
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DESCRIPTION OF TESTS

Tuft Observations and Slot Arrengements

The location end arrangement of the slots were chosen
lergely from tuft observations of the flow in the diffuser,
The maein slot was usually placed slightly upstream of the
point where the flow in the sealed duct separated. Such
separation slways occurred on the surfece on which the
Incoming boundary layer was thickest; but, when there was
no obstruction in the entrence cone so that the boundary
layer was about equally thick on both upper and lower
surfaces, the separation polnt would sometimes alternate
between the two surfaces. In any case, when separation of
the flow on the criticel surface had been eliminated by
the slot, separatlion generally oceurred on the oppesite
surface at ebout the same section or perhaps slightly
ferther downstreem. A slot on this surfsce therefore was
also deslirable, Although the use of only one slot on esach
of these two surfaces did not prevent eventual separation
farther downstream, tufts skowed that the velocitles neer
these sevarated reglons were very small so thet only minor
totel-pressure losses were assoclated with thls eventuel
separation.

In ceses in which separation was observed to start in
the corners or near the middle of & wall, partlal-span
slots were trled In these locatlions. Thesso slots were
found to be ressonably efficient, probably because the low
pressure at the slot drew off part of the boundary layer
of the edjJecent flow in addition to the boundary laysr of
the elr passing directly over the slot.

Slots on the side wells were not tried in most cases
because separatlion from the slde walls seldom occurred;
apparently, boundary layers cen withstend more oressure
rise along thse psarailel walls than along the dilverging
walls, .

In the bends, sepsratlon occurred just downstream of
the corner on the inner wall., A slot formed by cutting a
strip out ef the wall, which served satisfactorily for the
diffusers, did not suffice to remove the boundary layer in
the bends « probably because of the low statlc pressure at
- the inner corner. Accordingly, the slots for the bends
had to bs designsd to lead the boundary layer out of the
duct. (See table VI.) Apparsantly, a boundery leyer must
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be ®"peeled off" In this wey 1f 1ts total pressure, but not
1ts statlc pressurs, exceeds the external static pressure;
8 boundary layer will flow out of & slimple flush slot only
if its staetlc pressure exceeds the external statlic pressure.

Inlet Boundary Layer

Since the total-pressure losses through s diffuser
snd the point of separstion are affected by the inlet flow
conditlons, ths boundery layer st the Inlet was varled in
thickness to slmulate varlous operating conditions. With
the entranc¢e cone free of obstruction, the boundary layers
were about 0.2 inch thick on the upper and lower surfaces
of the inlet and slightly thicker on the sldes. In some

of the tests of the 30° diffuser, a 5= by 12%-1nch passage

20 inches long wes inserted between the end of the entrance
cone amd the inlet of the diffuser., The boundery-layer
thickness for these arrangements was sbout 0.5 Iinch.
Thicksr boundery layers wers produced on the uppsr or

lower surfeces by mesns of the obstructions indlecated in
figure 5., The wooden bar (case 1 fcor 15° diffuser) gave

a very turbulent boundary layer avout 2 inches thick.

The 8-inch flat plate (case 2 for 15° diffuser) at the
front of the entrance cone secmed to have almost no

effect. The sllightly inclined screen (case 3 for 15° dife
fuser) geve a uniform velocity variction from the top to
the bottom of thz2 inlat. The stepped layers of screen
(ceses 2 to 5 for 30° diffuser) were used in an effort

to get thick boundary layers with less vioclent turbulence
then thet obteilned with the woodsn bar. Although the
turbulence was reduced, the veloclty distribution wes
distinctly stepved (fig. 6(b)). The veloclty distributions
for the 15° end 30° diffusers ars shown in figure 6.

Outlet Flow Condlitions

The totel-pressure losses In en expending duct ere
known to be affected by condltions &t or beyond the end
of the expansion reglon. When the duct contracts
1mmediately downstream of the expanslon, the seperated
region tends to be localized in the reglon of maximum
cross sectlion, end the resulting losses are less then when
the meximum cross ssction of tho duct extends for somo
distance downstreem of the diffuser. The losses also
tend to be reduced by a resistancs et the end of the




s'v.

NACA ARR No. I5c2l 7

diffuser (reference 2). In order to check the usefulness
of boundary-layer control in all three outlet conditions,
the 30° diffuser was tested with and without a 60-inch
passage beyond the end of the diffuser (fig. 2) and also
with the intercooler at the end of the diffuser (fig. 3).
Arrengements with the intercooler set st angles of 09,
309, and L5° to the diffuser axis were tried in order to
compare the normal with the skew instsasllations. The
diffuser wes the same basic diffuser in all cases except
for adapting pleces to bring the angle of inclination
from 45° to 30° snd 0°. The intercooler tubes in these
tests were across the flow and parallel to the straight
8ldes of the duct. Two pletes, perpendicular to the

. tubes, are built into the intercooler and divide the

i intercooler into three approximately equel parts.

RESULTS AND DISCUSSION

Tables I to VI show the total-pressure losres in
terms of the dynamic prescure at the inlet AH/qy for

the various ducts and configurations. The lndicated alr-
flow loss through the slots was dotermined as the differ-
ence betwean the flow quantities measured at stations 1

end 2. The pressure differsntial Blai—gg is shown to

be negative In some ceses. Beceause of the expansion

j between the inlet and the slot location, however, the

' pressure differential across the slots 1s positive so

k. that flow out of the slots 1s possible. Several prossure
19 differentiels were used in some of the cases to produce

g - different quantities of alr flow through the slots and

E corresponding varlations in total-pressure loss.

B The 15° Dpiffuser

Table I shows the test results for ths 15° diffuser
with the inlet conditions given in figures 5(a) and 6(a).
With the ducts sealed, the expsmsion losses were about
0.12q, for case 2 and about 0.16ql for cases 1 and 3,

which had low-energy flow on the lower and upper surfaces,
respectively. In all three cases, the losses could be
reduced ebout half by bleeding L to 7 percent of the total
flow. Increasing the quantity of air removed by increasing
the internal pressure could not reduce the losses much
further.
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The 50° Diffuser without Intercooler

Table II shows the test results for the 30° diffuser
with the inlet conditions given in figures 5(b) and 6(b).
Without the 60-inch outlet section, the -expension losses
for the sealed condition were O.22ql to 0.30q;, depending

on the Inlet conditions. Addition of the 60-inch section
increased the losses by 30 to 4O percent. In every case,
bleeding 7 percent or less of the alr sufficed to reduce
the losses by more then half if slots were provided on
both upper and lower surfaces. Bleeding as much as

17 percent of the inlet-alr quantity, as was done in

case l, did not appreciably decreass the total-pressure
losses. A slot on only the upper surface, where the
boundary layer was thickest, effected a smaller but
nevertheless appreclable reduction in totel-pressure losses.
In such cases, blessding more them the optimum quantity

of alr Increases the losses, probably because 1t hastens
separetlon on the opposlite sealed surface.

The boundary-layer surveys shown in figures 7 and 3
for ceses L and 5, resvectively, help to 1llustrets the
action of the slots. In both cases, without the slots,
the low-energy alr on the upper surface is on the vorge
of separating at sectlon %2 end 1s definitely senarated
at section l; whereas, with the slots 1lnstalled, there
is no indication of senerction at section L.

The 30° Diffuser with Intercooler

Results of tests with the intercoolor set at angles
of 09, 30°, and }5° to the end of the diffuser are given
In tables III, IV, end V, rasnectively. No Inlet obstruc-
tions were used for thase tests, although some of the
tests were made with the 20-inch inlet passage between
the entrance cone snd the diffuser 1lnlat.

Comperison of the results In tablas III to V shows
that inciining the intercooler to the diffussr axls
goenerelly did not increess the total-prescure losses.

This result 1s of lnterest bscause such lnclinsation has
frequently been assumed to correspond escentially to an
Increased expanslion snd henca higher total-pressure losses,

For the tests without the 20-inch passage, the
results showad, as before, that the lossas could be
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reduced more than half by sultable slots on both the upper
and lower surfaces..  .It.was.-found-necessary; however, to

" bleed about 12 percent of the air - a result that is
probably related to the high internal pressures, which
could not be reduced beceuse of the high resistance of
the 1intercooler. Efforts to use.narrower slots to reduce
the alr loss seemed to glve less effective boundary-layer
control then was obtained for the 30° diffuser without an
.Intercooler, which has broader slots and operates at

‘ . smaller pressures. ' '

Slots on only the upper and lower surfaces were
found to be less satisfactory with than without the 20-inch
entrence passage, probsbly because the boundary lsyer on
the sldes was thicker with .the 20-inch entrence passage.
A solution seemed to be to separate the flanges of the
20-inch section end the diffuser inlet so as to provide

a i-inch slot completely sround the inlet. A similar
arrangement also gavs a large reduction of the total-
pressure losses for the cases wlthout the 20-inch inlet
section. The effectiveness of thls slot around the iInlet
1s remerkably high. The effect 1s doubtless relsted to
that noted in reference 2 in which high duct efficlencies
were observed when the boundary layer at the iniet was
very thin. An obvious contributing factor 18 the loss

of elr at the slot itself, which causes the actual dynamic
pressure just downstresm of the slot to be only about 0.8
of the value on which the vealues of AH/q; have been

based., If the losses were calculated on the basls of this
lower 1nlet dynamic pressure, thls earrengement would, in
most of the cases given, show about the same reduction in
total-pressure losses as found with slots on only the
upper &nd lower surfaces.

v

The distribution of total-pressure loss at the face
of the lntercooler 1s shown for a number of slotted and
sealed condltions in figure 9. Large separated regilons
at the upper and lower surfaces are shown for the sealed
conditions. The slots mostly eliminate these regions but
sometimes develop & separated reglon on onse of the sldes.
Veloclity distributions across the horlzontal and vertical - -
center lines of the ducts at sectioms. 1, 3, end L are
shown In figure 10. Thls flgure also shows how the slots
prevent the esrly separstion of the boundary layer.
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Bends

The duct bends were tested without obstructions in
the entrance cone and without the 20-lnch inlet sectlon.
As hes alresdy been noted, the Iinner corners of the bends
required some redesign in order to provide a slot that
peeled off the boundary layer. The slotted conditions
sccordingly cannot be compared with corresponding sealed
conditions, as was done with the diffusers, 1in order to
evaluate the reduction iIn total-pressure losses. Table VI,
which shows the results for the bends, therefore does not
give values for the reduction in AH/ql. The effectiveness

of the slots is indlicated by compsrison of the glven values
of AH/q1 with the values for the three sealed conditions

shown, especlally the arraengements with ths 2-inch inner
radius for which the losses were 1ll; and 13 percent. All
Indicated total-pressure losses have been corrected for

the frictlon loss between the 1Inlet and exlt measurement
sectlons.

The totel-pressure losses for the most efficlent of
the slotted conditions are of the order of 6 to 10 percent
with about 5 to 10 vercent loss of air. Most of the
desligns shown in table VI have a falrly large inner radius,
with the slot nct very fer beyond the end of the bend.

The value of Elai—eg must be of the order of 0.85 in

order that the pressure suffice to blow out the required
emount of air.

Flgure 11, which shows the distrlbution of dynamic
pressures at the exlt of the bend for slotted and sealed
conditlions, indicates en increased uniformlity of flow
for the slotted condition.

APPLICATION
Pressures Requlred

As cen be seen in tables I and II, adequate boundary-
layer control in the diffusers was obtalned with small

values of Elqi_gg. The adaptetion of this principle to
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duct installations on actuel airplanes should be feaslble .
. since -the -average alrplane diffiiser inlet shows statlc
pressures greater than that of the free stream; that is,
there is generally more than énough pressure to blow out
the boundary layer into the free strsam. In a practical
deslgn, however, the boundary layer would probably be
blown out, not directly into the fres stream but lnto
some duct especlally provided for the purpose or 1lnto
some space within the wing or fuselage from which,K an
outlet would be provided. The pressure here would prob-
ebly be higher than thet of the free stream; however, the
easse with which boundary-layer control was obtalned even
with small pressure differentials maekes 1t unllkely that
essentlsel difficulties would be encountered in a practicel

design.
In t%e case of the sharp bends, the required values
Py - Po
of lql were of the order of 0,85, corresponding to an

Inlet-veloclity ratio of ebout 0.73, which is not very
much higher than ususl deslign values, Boundary-layer
control for sharp bends will probebly be inedequate 1if
the space into which the slot dellivers heas a pressure
that exceeds tha free-stream statlc pressure by ssveral
tenths of the fllght dynemic pressure.

Loekege Lossss

All the totel pressure of the boundary laysr that 1s
blown out need not be considered lost before the boundary
layer finally leaves the alrplane. As has Just been
mentioned, the boundary layer will probebly be blown out
into a space where the static pressure (hence the total
pressure) will be appreclably higher than the free-stream
static pressure. It would be relatively sasy, further-
more, to provide & smoother slot than was used in the
present tests, together with a small diffuser, so that
the dynamic pressure of the alr blown out of the slot
would be partly recovered. Even 1n cases in which leakage
losses corresponding to such boundary-layer control are
large, the method may stlll help to provide -necessary
pressure 1n an otherwise unacceptable duct.
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 CONCLUSIONS

The results of tests of diffusers having 15° and 30°
included sngles and of 90° bends with various arrangements
of slots for boundary-layer control indlicated the following
conclusions: :

l. A small pressure differential, such as could be
obtained between a tyvricael alrplane diffuser 1lnlet and a
duct exit,wes sufficlent for effective boundary-layer
control in the flow through a diffuser.

2., The pressure differentials required for effective
boundary-layer control are of higher msagnitude (0.85 of
the bend-inlet dynamic pressures) for duct bends than for
diffusers; however, pressure differentisls of this magni-
tude are gensrally obtsinable in airpleane duct bend
installations. .

2. For the diffusers end bends tested, total-pressure
lesses due to separation could generally be reduced at
least half by boundary-layer control.

li. Removal of avoroximately L to 10 percent of the
alr generally sufficed for ootimum improvement of the flow.
Removing excess sir through the same slots did not further
imorove the flow.

5. Very simple slot designs with not more thsn one
slot per surface - generally slots on only the two diverging
walls of the diffuser - were adequate for satisfactory
boundery-layer cortrol.

6. 'In a rectengulsr diffuser, in which one palr of
ppposite walls diverge while the other paeir remein perallel,
separation tended to occur only on the diverging walls if
the initlal boundary layer was smeall, and boundary-layer
control on these walls 8lone seemed to improve the flow.
When the entering boundary leyer was relatively thick,
however, 1t was rnecessary to provide slots on the parallel
walls, also.

T. Effective boundary-layer control for the inner
corners of the bends required a slot with a llp that
nrojected into the duct in order to help “peel off* the
boundery layer.
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8. The energy leases ‘associated with the removal of
the boundary leyer need not.he -excessive for a correctly
" —desighed boundary-layer bleed duct.

9. Inclination of an intercooler to the diffuser

axis, up to angles of h5°, genereally did not 1ncrease the
diffuser total-pressure - 1osses. )

National Advisory Committee for Aeronautics
Lengley Memorial Aeroneutical Laboratory
Lengley Field, Va.
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TABLE I.~ RESULTS OF TESTS OF 15° DIFFUSER WITHOUT INTERCOOLER

[‘l‘op and bottom slots are same distanece from diffuser ontrmco]

Alr AH/q Ledue-

Arrangement Py~pg| lost 1 tion
of Case ——|through in
diffuser slots 1 slote |Slot- |Sealed AH/q,
(per- | ted ( per=-

cent) cent)

1 Fvo A"
3 7/ wo /x93 slots 02| 5 0.10 |0.16 | 38
I e

1 =34 7 .08 16 50

-.25 9 .07 .16 56

«0.21| 4.5 [|0.06 | 0.12 50

2 =31 L4 .09 .12 25
-.40| 3 .10 .12 17
-OOLp 1 0010 0.12 17

2 -030 3 010 012 17
a7 L 09 | 12 ] 25

-0.311 L 0.09 | 0.17 L7

-2 7 .09 .17 L7

NATIONAL ADVISORY
COMMITTEE F(R AERONAUTICS
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TABLE II.- RESULTS OF TESTS OF 30° DIFFUSER WITHOUT INTERCOOLER

[fop and bottom slots are same distance from diffuser entrance]

Alr AH/q1
Arrangement 60=-1noch Py=Po| lost Reduction
of - | Case | stratght| ~———|through in
diffuser slots section | 11 slots AH/ql
(per=- | Slotted| Sealed| ( percent)
eent)
ore «0.19 8 0.10 0.22 55
1
On =0,18 6 0.13 0.32 59
off =0.19 6 0.12 0.27 56
2
On ‘0-16 7 0018 0037 51
=0.13 6.5 | 0.18 Lo
ore _ 0.30
=11 7T .22 27
3
~0.06 6.5 | 0.25 37
On 0.40
-QOLL 7 028 30
-0.19| 6 0.09 ]
ore 19| 17 .08 0.24 67
L -e17 ] .09 &
'0016 6 001
On 3 0.37 &
-.15 7 .1 62
On -0,22 2 0.29 17
5 0.35
On 0.0 5 0.30 14
On -0.13 6 0.14 0.35 &0
5
off 0.1l 5 0.11 0.23 52
S On -0.08 L 0.15 0.35 57
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICSJ
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TABLE III.- RESULTS OF TESTS OF 30° DIFFUSER WITH INTERCOOLER
AT 0° TO DIFFUSER

;D 7_[‘1'op and bottom slots are same distanee from dit‘fuunf ontrmoo]
} Alr ‘ Ali/ql Redue-
; Arrangement _ Py=po| 108t tiom
of 1770 through in
diffuser inlet and slots 9 slots AB/qy
{Dimensions 4in in.) (per- Slotted| Sealed|{( per=
cent) oent)
/ 3%77:— i
/"’,’;f:g~"f‘~~___ | 1,10 12 0016 0.38 58
2~ i
oy 0.89 1L 0.4 | 038 | &
3 b .
76 T
e 1.01 | 12 0.4 | 0.38 | &
! 1.10 | 12 0.22 | 0.38 | Lo
P E T
5 —~ 55> I
-l 0.9 | 13 0.12 | 0.38 | 68
>4 3’ ‘,
; -
i i
4 / 1
§ Rt 097 | 15 0.2L {oudo | Lo
) %
i >
7 i
< I 1.06 | 11 0.18 | 0.0 | 55
2 ~ 4
/zal -
8 3*/_'/ 1
< ==l _i 0.98 | 14 0.3 |0.40 | L3
— £ - & -
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NACA ARR No. L5C24

TABLE IV.- RESULTS OF TRSTS OF 30° DIFPFUSER WITH INTERCOOLER
_ AT 30° TO DIFFUSER

[rop and bottom slots are same distance from diffuser entrance]

Arrangement Py=Po|Alr lost AH/q1 Reduction
of 3 | through in
diffuger inlet and slots 1 slots AHR/q
(Dimensiocns in in.) ( peroent) [Slotted Sealed” (pcroo&t)
11 0.17 0.30 L
8 0.17 | 0.30 L3
9 0.08 0.30 V6
12 0.30 | 0.36 17
11 0.22 0.36 39

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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NACA ARR No. L5C24

TABDLE V.- RRSULTS OF TESTS OF 30° DIFFUSER WITH INTERCOOLER

AT 15° T0 DIFFUSER

Ai:i' io'lt

[top and bottom slots are same distance from diffuser entrance]

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Arrangement P1=Ro AB/q.  |Reduotion

of | through 1 tn

diffuser inlet and slots 9 slots AE/qy

(Dimensions in in.) (peroent)| Slotted|Sealed |{ paroent)

1.31 9 0.15 | 0.29 L8

1.7 7 0.16 | 0.29]| L8

1.34 9 0.16 0.29 s

1.18 12 0.13 0.29 55

1.60 9 C.3% A 2

145 10 0.29 | 0.l 30

1.37 11 0.26 | oJ1 35

13 0.17 | 0.l 59
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NACA ARR

TANLE VI. RESULTS OF TRSTS OF 90° RENOD

No.

L5C24

.0utlido Alr lest
Arrangement of imner rediue - through
wall of bend o '—}-P-'i slote s8/q,
(Dimensions in in.) bond 1 ( peroent)
(4a.)
/
6 .ee 0 0.31
2
6 oee 0 0.18
3 0.66 2 0.18
3%
AN 6
| I 4 1.12 5 11
%
4‘ ] %
T 6 0. 1A 0.0
,—~/§ A 2% ? ’
L |
5 TE 0.50 7 0-13
T .
|~2 2 3%
| l .58 10 11

NATIORAL ADVISCRY
COMVITTEBE FOR AERONAUTICS



NACA

ARR No. L5C24

TABLE V1.~ RESULTS OF

TESTS OF 90° BEND - Conoluded

20

: Outside Alr lost
Arrangement of inner radius »1-Po through An/ql
wall of bend of I slots
{Dimensions in ‘in.) bend 1 ( pereent)
- (in.)
5 N
|._ 3 ‘_]\2 ] 7 concw (s} 0.1l
[ 4
»v»-/
.
/ —
2\ T
L,i% l 7 0.86 s 0,07
-3 b H
| /|
3
4 0e85 8 0.06
7 1%
7
061 3 om
9 .
N E2 0.50 2 0.12
T | -
}»2 i ”I/% .8 6 .06

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Measurements made at
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Figure 3.~ Setup for tests of 30° diffuser with intercooler at O 30°
and 45° to diffuser axis. [Measurements made at sections /1o5.
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Fig.
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NACA ARR No. L5C24

section

Case /
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No  abstruction

Case 2

18 mesh

Case 4
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(a) 15°aiffuser.

(b) 30° diffuser.
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NACA ARR No. L5C24
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Fig. 6b NACA ARR No. L5C24
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Fig. 8 NACA ARR No. L5C24
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“Seaked condition Seated congition: 20-i7.
SeCction m ront of irruser
AH/ ‘1/ AH/ g

Slo? 1S Tt T -
o7 arrangement 2, oo Slot arrangement 7. atle I7;

20-1n Sectlon in 1ront of qiiruser
@) Intercoaler at O° to diffuser. ,.
Figure G- Loss o total pressure between inlet and face of infercooler given as fraction of

inker gynamic  pressure. NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Slot arrangement 3, fable [V

Seaed [&/7&/‘/‘/?/7 ; 20-17.
section /7 ront of giyser

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

St a/’/“mye/??mf J, Table 1V;
20-/n. sectlor; 11 7?0/77‘ of arfruser

&) Infercooler at 30° fo diffuser:

Fgure - Continued.

a6 3714
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Sealed condition

AH/g/

St arrangement 4, Jatle V-

Sealed condifion; 20-n.
section /n ront of difruser

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Siot arrangement S, 7‘0&/5_7;
20-1n. Section in 1wt or W/??/se/"

) [nfercaoler a# 45° 1o diffuser

figure 9= Concluded.
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NACA ARR No. L5C24 Fig. 10b

1 4 /
) ] \\1
1 I & I
< |
I
i
1
;——:"'j l 4))
ection | Uection 3 Section 4
Plan view
0 s w0 /0 200 !
Velocity, fps . !
\ 1
| J) '
Slotted ——r—+ |
Sealed A . '
Jide view |

(B) Infercookr of 30° #o diffaser Slot arrangement 3, table IT: ”Dq_ g 120 .
Figure 10- Continyed. /




Fig. 10c - NACA ARR No. L5C24
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Figure 10~ Continued. 9



NACA ARR No. L5C24
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Fig. 10e NACA ARR No. L5C24
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@) Infercooler at 30°fo diffuser; 20-igh straght section in frant of diffuser.
Slot arrangement 5, table W, 28 - [34.
Flgare /0~ Confinued. 9
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NACA ARR No. L5C24 : Fig. 10f
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Inside
sk 68
69 67 81 ¢
o, 87 88 62 66 81
96 96 91 100
63 92
Outside

(a) Sealed condition; 6-inch outside

redius; substitute 2-inch
inside radius.

Inside
56
T4 76 78 71
95 88 88 76 91 gy, 91
98 96 98 100
69 8ly
Outslde

(b) Slot arrangement L, table VI;

plq' PO = 0.63; 6-inch

outaslde radius.

Inside Inside
57 87 68
65 17 83 65 Th 96 96 71
91 83 93 91 92 8L 78 9% 91 929 90 96 80 176
98 98 98 100 97 98 91 100
66 69 90
Outside Outside

{c) Sealed condition; 7-inch outsids
radius; 2-inch inside radius.

Flgure 11l.~ Dynamic-pressure distfibution at section 2 of 90° bends glven as percent of maximum

(d) Slot arrangement 7, table VI;

NATIONAL ADVISORY
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dynamic pressure.

pl-po

Q)
outside radius.

= 0.86; 7-inch

0
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